Congenital labyrinthine dysplasia with a translabyrinthine cerebrospinal fluid (CSF) fistula may be an anatomic cause for recurrent meningitis. This condition is usually seen in children aged 5 to 10 years who present with sensorineural hearing loss (SNHL) and CSF discharge through the nose or ear, with or without recurrent meningitis. Multidetector-row computed tomography (MDCT) and high-resolution T2-weighted magnetic resonance imaging (MRI) of the petrous portion of the temporal bone can help to diagnose this abnormality. We report a case of translabyrinthine CSF fistula in an adult-a 30-yearold man-who presented with recurrent pneumococcal meningitis, a long history of a clear nasal discharge, and evidence of SNHL. MDCT and MRI of the temporal bone demonstrated a cystic-appearing cochleovestibular malformation (an incomplete partition type I) in the right inner ear. Imaging also showed an absence of the basal turn of the cochlea and the cribriform membrane at the lateral end of the right internal auditory canal, which was shorter and narrower than normal. Evidence of fluid in the right middle ear suggested a CSF fistula.
Introduction
Meningitis remains a potentially life-threatening infection even in this era of antibiotic therapy. Meningitis occurs when a pathogenic organism interacts with the host and overcomes its defense mechanisms. 1 In addition to the immune system, host defenses include isolation of the central nervous system from the external environment, including the nose, mouth, and ear.
The middle ear, communicating with the nasopharynx, is a potential source of infection of the brain and its meninges. Leakage of cerebrospinal fluid (CSF) through the temporal bone and into the middle ear is an important cause of recurrent meningitis of otogenic origin. 2 A congenital malformation of the inner ear may result in a CSF leakage across the dysplastic labyrinth into the middle ear, a condition that is called a translabyrinthine CSF fistula. Once inside the middle ear, CSF may enter the nasopharynx through the eustachian tube or, if the tympanic membrane is perforated, it may drain through the external auditory canal and present as CSF otorrhea.
Patients with a translabyrinthine CSF fistula develop severe labyrinthine dysplasia and subsequent sensorineural hearing loss (SNHL). 2 Therefore, recurrent meningitis in the presence of SNHL and CSF otorrhea or rhinorrhea should trigger a strong clinical suspicion for a translabyrinthine CSF fistula, which can be confirmed by temporal bone imaging with computed tomography (CT) and magnetic resonance imaging (MRI).
Most cases of meningitis secondary to a labyrinthine dysplasia occur during early childhood, and recurrent meningitis can present in adulthood. We present an example of the latter.
Case report
A 30-year-old man presented with a 2-day history of headache, photophobia, right otalgia, and fever. His history included a long-standing nasal discharge that was unrelated to any seasonal or environmental change. He also mentioned impaired hearing in his right ear. He had no history of ear discharge, head trauma, or surgery. He had been treated for similar complaints 2 months earlier, after he had been diagnosed with pneumococ-cal meningitis; his symptoms resolved with treatment.
On physical examination, the patient's temperature was 37.8°C (100°F). A neurologic examination elicited a positive Kernig sign and a positive Brudzinski sign. Lumbar puncture yielded cloudy CSF with 200 white blood cells/mm 3 (95% neutrophils), a protein level of 50 mg/mm 3 , and a glucose level of 30 mg/dl. Culture grew Streptococcus pneumoniae.
Evaluation of the ears revealed a right-sided SNHL and normal tympanic membranes bilaterally. The nasal discharge was positive on the dextrose stick test. A clinical suspicion of translabyrinthine CSF fistula secondary to a right inner ear malformation was entertained as a cause of this recurrent pneumococcal meningitis.
Multidetector-row CT (MDCT) of the temporal bone was performed to rule out labyrinthine dysplasia. Highresolution axial (figure 1, A) and coronal (figure 1, B) views showed a malformed and enlarged right cochlea without any evidence of its basal or apical turns; there was no modiolus. The cochlea was continuous with the enlarged and dysplastic vestibule. The semicircular canals were present and appeared to be normal. The internal auditory canal on the right was narrower and shorter than the one on the left. There was no bony plate at the lateral end of the right internal auditory canal, which appeared to be continuous with the cystic-appearing cochleovestibular complex.
The right oval window niche was wider than the one on the left. Some fluid density was seen lateral to the oval window in the right anterior middle ear cavity. The circumference of the right vestibular aqueduct was normal. The left-sided inner ear structures were normal.
High-resolution T2-weighted fast spin-echo MRI confirmed the CT findings in the right temporal bone, and it showed no evidence of partition (i.e., no interscalar septum) of the dysplastic right cochlea (figure 2). Fluid was noted in the right mastoid air cells.
A diagnosis of cystic cochleovestibular malformation (an incomplete partition type I) of the right inner ear with evidence of a CSF fistula (translabyrinthine type) to the middle ear was made. The patient was referred for surgery to repair the fistula. Information on the postoperative outcome and follow-up was not available.
Discussion
While bacterial meningitis is relatively common, recurrent meningitis-which is defined as a distinct episode that occurred following a full resolution of a previous episode-is definitely uncommon. 3 Any case of recurrent bacterial meningitis demands a search for predisposing factors, which could include anatomic abnormalities, immunodeficiency, and parameningeal infections. 3 Anatomic abnormalities that predispose patients to recurrent meningitis are more common than immunodeficiency; these represent 59 and 36% of cases, respectively. 3 These abnormalities are characterized by an atypical connection between the central nervous system and either a mucosal or skin surface. The most common of such abnormalities is a CSF leak, mainly via the anterior skull base or the temporal bone. Most CSF fistulas of the temporal bone are acquired as a result of trauma. Congenital abnormalities resulting in recurrent RecuRRent meningitis in an adult secondaRy to an inneR eaR malfoRmation: imaging demonstRation meningitis are much more uncommon, representing only about 15% of all reported cases. 3 Congenital CSF fistulas of the temporal bone are classified as either perilabyrinthine or translabyrinthine. Perilabyrinthine fistulas, which are the less common of the two, occur through defects that are adjacent to the labyrinth; they do not involve the labyrinth itself. Translabyrinthine fistulas are characterized by an abnormality of the inner ear (cochlea and vestibule); they follow a route via the internal auditory canal. 2 In cases of cochlear dysplasia, CSF can enter the inner ear through the internal auditory canal across its unprotected lateral end. With increased pressure, the inner ear fluid makes its way into the middle ear by displacing or perforating the stapes footplate that guards the oval window niche.
The spectrum of congenital inner ear malformations includes a range of abnormalities. Their severity depends primarily on the stage at which the development from the otic capsule is arrested. Certain types of malformations have a tendency to lead to recurrent meningitis. Congenital inner ear malformations are best understood with reference to embryology. 4 The otic capsule develops at 4 weeks' gestation and begins to differentiate into the cochlea and vestibule; differentiation is complete at 8 weeks. Interruption of this development at certain points leads to characteristic inner ear malformations:
• before 4 weeks, labyrinthine agenesis (Michel aplasia);
• at 4 weeks, a common cavity; • at 5 weeks, cochlear agenesis (Michel dysplasia);
• at 6 weeks, cochlear hypoplasia; and • at 7 weeks, an incomplete partition anomaly, which includes the classic Mondini malformation. 4 Temporal bone imaging with CT and MRI reveals the morphology of the labyrinthine abnormalities that affect the cochlea, vestibule, semicircular canals, internal auditory canal, and vestibular aqueduct in various inner ear malformations. CT shows these structures as fluid compartments outlined in bone. With MDCT, reformatted axial, coronal, and sagittal planes provide superb spatial resolution; in addition to showing the inner ear details, they very clearly depict the middle ear ossicles, including the stapes footplate.
Like CT, MRI depicts a fluid-filled, membranous labyrinth as a bright, intercommunicating canal system within the relatively black petrous temporal bone. Highresolution thin-section imaging obtained with threedimensional T2-weighted fast spin-echo MRI sequences shows the individual components of the membranous labyrinth in various orthogonal planes.
Fundamental to the accurate evaluation of a labyrinthine anomaly is a careful analysis of each of its components. Although an anomaly may involve other structures, the cochlea generally requires the greatest attention. A full assessment should include the estimated number of turns, the size of the turns, the integrity of the cochlear base, the length of the modiolus, the presence or absence of the round and oval windows, and the appearance of the cochlear scalae on high-resolution MRI. 5 On imaging, different types of inner ear abnormalities are classified according to a system proposed in 1987 by Jackler et al, 4 which appears to be both conceptually logical and clinically practical:
• Michel aplasia is essentially an abnormality of the inner ear characterized by the presence of one or more small cavities in the place of normal inner ear structures.
• In a common cavity malformation, a large cystic cavity with no internal architecture has replaced the cochlea and vestibule. The semicircular canals may be normal or malformed.
• In cochlear aplasia, the cochlea is absent, and the vestibule and semicircular canals may be normal or malformed.
• In cochlear hypoplasia, there is a rudimentary cochlea and either a normal or malformed vestibule and semicircular canals.
In 2002, a new classification system was proposed by Sennaroglu and Saatci. 6 In this system, the incomplete partition (IP) anomaly is divided into two categories, IP-I (unpartitioned cochlea, cystic cochleovestibular malformation) and IP-II (incompletely partitioned cochlea, the classic Mondini deformity). In the IP-I malformation, the cochlea lacks the entire modiolus and cribriform area, which results in a cystic appearance; there is also an accompanying large cystic vestibule. In IP-II, the cochlea has 1.5 turns, in which the middle and apical turns coalesce to form a cystic apex; this is accompanied by a dilated vestibule and enlarged vestibular aqueduct.
The type I malformation is less differentiated than the type II malformation. The type I malformation features an empty, unpartitioned cochlea and a dilated vestibule without an enlarged vestibular aqueduct. A Mondini deformity represents a later malformation, so the degree of dysplasia is milder than that in type I. 6 The classic Mondini deformity has three components: a cystic apex, a dilated vestibule, and a large vestibular aqueduct.
Other authors have classified these malformations in descending order of severity as follows: Michel aplasia, cochlear aplasia, common cavity, IP-I, cochlear hypoplasia, and IP-II. 6 Partition defects that are more subtle than the Mondini malformation have been described since the Jackler classification system 4 was first proposed.
Clinically, congenital dysplasias of the labyrinth result in a hearing loss (bilateral in two-thirds of cases) in almost all patients by the age of 6 or 7 years. 7 In some cases, there is a risk that a fistulous communication between the subarachnoid space and the middle ear cavity will present either as CSF otorrhea or rhinorrhea or as recurrent meningitis. 7 CSF otorrhea develops when the tympanic membrane is perforated or when a myringotomy tube is placed to drain a presumed serous otitis media. CSF rhinorrhea develops when the tympanic membrane is intact.
Recurrent meningitis secondary to a CSF fistula is typically seen in patients aged 5 to 10 years, and the most common infecting pathogen is S pneumoniae. 3, 7 The likelihood that a patient with an inner ear malformation will acquire meningitis is not particularly low. In one series of 20 patients, recurrent meningitis was documented in 5 (25%). 3 There is an association among imaging findings, the degree of hearing loss, and the risk of CSF fistula. The key to the assessment is the basal turn of the cochlea. If the basal turn is present and of normal circumference, some hearing is possible and there is no risk of a major fistula. However, if the basal turn is wider than normal or if it has been replaced by an undeveloped sac, anacusis occurs and there is a very real risk of fistula development. 7 Once a translabyrinthine CSF fistula is diagnosed on CT and/or MRI, it should be closed to prevent a recurrence. Repair of the CSF leak in these cases is usually accomplished by packing the vestibule with muscle or fascia via a transcanal tympanotomy. 8 However, the reported failure rates associated with this traditional method of repair are high, ranging from 30 to 60%. 8 Removal of the stapes during tympanotomy may provoke a gush of cerebrospinal fluid, which can make it difficult to pack the vestibule.
An alternative to the traditional method of repair is the use of fibrin or cyanoacrylate glue and intraoperative continuous lumbar drainage. 8 A newer method of repair involves leaving the stapes in situ and placing grafts to seal the oval window niche. This method is recommended for cases of severe cochlear dysplasia in order to avoid the severe CSF gusher scenario. 8 The success of a repair is confirmed by the clinical disappearance of CSF discharge through the ear or nose and the cessation of attacks of meningitis. CT and MRI also help evaluate the status of the repair. 9 In conclusion, patients with recurrent meningitis should be evaluated to look for an underlying CSF leak through the temporal bone. In the presence of CSF otorrhea or rhinorrhea and SNHL, a translabyrinthine CSF fistula should be strongly suspected, and the patient should be evaluated with MDCT and MRI for confirmation.
